The role of health knowledge in consumer use of nutritional labels on food packages is explored using data from the 1995 Diet and Health Knowledge Survey. Two types of label use models, a binary choice label use model and a level of label use model, are employed with particular attention given to the endogeneity of health knowledge. The binary choice model is concerned with factors affecting the probability of label use. The level of label use model deals with factors affecting the number of food products in which label use occurred. The results show that health knowledge has a significant role in increasing label use.
Most diets of Americans still fall short of the Dietary Guidelines for Americans
. Several scientific reports also suggest that a large percentage of health risks is related to diet and lifestyle choices. For example, the National Cancer Institute estimates that 35 ?Lo of cancer deaths are linked to diet. There are almost 1.4 million new cancer cases in the United States each year, and more than 500,000 deaths from this disease. With rising scientific knowledge about the role that dietary choices play in preventing diseases, simple dietary changes could have a significant impact on reducing disease rates.
In an effort to make information available and to teach consumers how to use nutritional information, the Nutrition Labeling and Education Act (NLEA) now requires nutritional labels on food packages. The objective is to provide consistent, understandable, and usable labels that can help consumers make healthier food choices. The implementation of the NLEA is estimated to cost food processors between $1.4 billion and $2.3 billion over the next 20 years (U.S. Food and Drug Administration). Even though the benefits to public health-measured in monetary terms-are expected to well exceed the cost, the benefits are conditional upon consumer use. It is possible that
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many individual diets fall short of the dietary guidelines because they do not use nutritional labels on food packages to help them in their buying decisions. Increasing consumer use of nutritional labels is important since it has been reported to improve the quality of consumers' diet (Kim et al,; Kim, Nayga, and Capps) . Therefore, improving label use can have important public and health policy implications because of the benefits that improved diets can provide the society in general in terms of lives saved and reduction of health care costs. Nayga (1996) suggested that individuals armed with proper health knowledge are more likely to utilize nutritional labels in their food purchase decisions. Several empirical studies have been conducted to evaluate the determinants of nutritional label use (Wang, Fletcher and Carley; Nayga 1996 ; Guthrie et al.; Klopp and McDonald; Nayga, Lipinski, and Savur) . Some of these studies have recognized the importance of health knowledge on food purchase behavior. Nevertheless, little is known about the relationship between health knowledge and label use, Klopp and McDonald, and Wang et al. ignored the possible role of health knowledge in label use. Guthrie et al,, and Nayga (1996) included nutrition information in their studies but it was treated as an exogenous variable. Such an approach precludes an understanding of the relationship between health knowledge and label use, thus opening up the results to potential simultaneity bias in estimating label use. This paper revisits the role of health knowledge in nutritional label use, A direct measure of health knowledge (i.e., knowledge about linkage between diet and disease) is generated from responses to questions about the correlation between diets and diseases. Health knowledge is incorporated into the label use model as an explanatory variable, The health knowledge and label use variables are treated as endogenous variables and are jointly estimated. In addition, two types of label use modela binary choice label use model and a level of label use model, are employed to fully capture behavior on the use of nutritional labels by consumers.
Model Specification
Consumers choose foods within the context of a total diet in order to obtain greater utility from their food. Part of that utility is derived from using food to maintain or improve health (Variyam, Blaylock, and Smallwood), However, consumers with different diet-health knowledge may choose different bundles of foods. Consumers may also have difficulty assessing the quality of foods they purchase even after consumption. In this sense, nutritional labels make it practicable for consumers to judge the nutritional quality of a food product before purchasing (Caswell and Mojduszka) .
Nutritional label use and health knowledge are considered to be inputs used to produce healthier diets. The role of diet-health knowledge in label use is through the consumer's perceived marginal product of improved diet. Based on this perceived marginal product, the household decides whether or not to use nutritional labels by comparing the marginal benefit of improved quality of diet to the marginal cost of using a nutritional label, 1 Following Stigler's net benefit approach, the extent of a consumer's health knowledge will be determined by factors that affect the expected value or costs of acquiring knowledge. What factors are important is an empirical question that is addressed below.
The empirical models are comprised of a reduced form equation (1) of health knowledge and two structural equations of label use (2) and (3):
(1) li =f(xi,vi), Equation (1) describes a health knowledge equation where individual i's health knowledge~, is represented by the number of correct knowledge about linkage between diet and disease. Variables in X include socio-economic characteristics, health status, source of health knowledge, and food stamp program participation (Kenkel 1990 (Kenkel , 1991 Gould and Lin; Variyam, Blaylock, and Smallwood) . Household income may indicate human capital beyond that given by formal education, and thus may reflect greater efficiency in processing information. However, higher income may also reflect higher opportunity cost of time, which may reduce time spent seeking out health knowledge. Education is used to proxy for sources of health knowledge, since well-educated people are both exposed to more information, and are better able to understand and process it (Kenkel) . Employment may reflect the value of time and the cost of gathering health knowledge for the household (Becker; Ippolito and Mathios). Household size is likely to impact both intra-household allocation of resources and the time allocation, thus influencing the formulation of health knowledge (Gawn, Innes, and Rausser) . The health status variable and size are included to reflect differences in the incentives to gather information. Racial, urbanization and regional differences may reflect differences in media exposure (Putler and Frazao) . Either the Poisson or negative binomial distributions are typically used with the health knowledge model (Cameron and Trivedi) , In this study, the count random variable Ii in equation (1) is assumed to follow the Poisson distribution with vi-N (O, u.*).
Equation (2) is a binary choice label use model, which describes the probability of the ith consumer using the nutritional label. yi* indicates the difference in the utility with versus without label use. Thus, if the utility associated with label use is greater than the utility without label use (i.e. yi* > O), then we observe that yi = 1, that is, the ith consumer uses the nutritional label. Otherwise we observe that y, = O (i.e., Y,* < O), that is, the ith consumer fails to use the nutritional label. u, follows a standard normal distribution. The vector Z indicates exogenous variables and includes individual characteristics (age, sex and income), situation variables (employment, household type) and marketing environment (region of residence, urbanization) of the consumers (Guthrie et al. ; Nayga 1996; Wang, Fletcher, and Carly) . The education variable is excluded from Z because education's main role is assumed to be through health knowledge (Kenkel 1990 ). This specification is consistent with the work of Grossman and Michael. Equation (3) represents the level of label use model expressed by the number (Yi) of food products on which consumers use the nutrition label, conditional on any label use. Each individual's decision on label use is likely to differ among various food products because the perceived marginal benefit of label use varies by product. Even though consumers usually use nutritional labels, they might not be willing to use labels for certain food products. This observation suggests that the binary choice indicator of label use employed in previous studies may be limited in fully capturing behavior on the use of nutritional labels by consumers. Hence, the number of products where a particular individual uses the label is employed as another measure of label use, in addition to binary choice label use. The count random variable Yiin equation (3) is assumed to follow the Poisson distribution with &i-N (O, a,2). Z and G vectors represent exogenous variables in the model.~represents the union of 1, Z, and G. The vector G includes variables that indicate how easily consumers access and process the information on the label (Schmidt and Spreng).
Estimation Procedure
The estimation technique for the standard count data model is used to estimate equation (1). For an endogenous regressor 1, the maximum likelihood estimator of the equation (2) is generally inconsistent. Thus, we use the two-stage conditional maximum likelihood estimator (TSCML) proposed by Rivers and Vuong.2 Following Rivers and Vuong, the residuals (v) of equation (1) are obtained from the Poisson regression of 1 on X in the first stage, and in the second stage, the simple probit model is estimated with 1, Z, and v as explanatory variables.
In estimating equation (3), standard count data model estimation is inappropriate because the dependent variable, the number of food groups, is observed only for those individuals who use label. It may be possible that unobservable influences on binary label use are positively related to unobservable influences on the level of label use. Terza showed that in this case, equation (3) becomes where Wi = [Ii, Zi], 6 = pm., K = U82/2, p = corr(u, s), and conditional on w, q is normally distributed error term and independent of p and e. Since d~(y'wi + t3)/N3 = @(y'wi + 6) >0 and O = pue, if p is positive, it increases the mean of Yi. The correction term~((1, y) is similar in nature to the inverse Mill's ratio of Heckman. As in Heckman, ignoring the correction term leads to omitted variable bias in the estimation of @ Following Terza, a two-step estimation procedure is used to estimate equation (4). The first step is simply to estimate the selection equation (2) using all observations by maximum likelihood, For the endogenous regressor, the TSCML is again used to estimate equation (2). Then using results of the probit model, the inverse Mill's ratio is computed for observations for which yi = 1. The second step, using the selected sub-sample, is to estimate (30 and O by the Nonlinem Instrumental Two Stage (NLIV) estimation method. The predicted value obtained from the Poisson regression of the equation (1) is used as an instrument. Figure 1 shows the linkages between the models, variables, and estimation procedures discussed above.
The Murphy and Topel correction method is used to adjust the asymptotic covariance matrices of PO because the sample selection correction term is based on an estimate from another model. The asymptotic covariance matrix for the two step estimator based on Murphy and Topel is
(5) vBO,e= (G! GJ-l[H + G2V,G;](G;G1),-'
where GI is the matrix whose typical row is
here ei is the ith residual from the NLIV estimation of the equation (4), VTis the estimated covariance matrix of the TSCML estimates, y, and G2 is the sum of cross products of Gli and 
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Equation (7) decomposes the effect of a change iñ ti into two parts. The first part, (lV is the direct Conditional effects on those who use labels also effect on the mean of Yi, The second part captures the indirect effect from label use decision that appears as a result of correlation between the unobserved components of Yi and yi.
Data
The data used are Health Knowledge taken from the 1995 Diet and Survey (DHKS) of USDA. The DHKS includes~etailed~nformation about the individual's socioeconomic background and questions on diet and health knowledge, addressing individual knowledge, awareness, and attitude on diet and health issues. The empirical work uses DHKS respondent files, providing sample size of 1760 observations. The names, definitions, and means for principal variables are exhibited in table 1. Dependent variables include the decision on whether consumers use the nutritional labels when food shopping and the number of food products corresponding to consumer use of the nutritional label, About 80.8% of consumers in the sample use nutritional labels when food shopping.
The DHKS asked respondents about use of nutritional labels on 10 different types of food products: 'dessert items,' 'snack items,' 'frozen dinners or main dishes, ' 'breakfast cereals,' 'cheese,' 'fruits or vegetables,' 'salad dressings,' 'table spreads like butter or margarine,' 'raw meat,' and 'processed meat products.' The second dependent variable Y reflects the number of food product items corresponding to an individual's use of a nutritional label when food shopping, For example, if consumers report using the label on dessert items like cookies, and on snack items, the value of Y is 2; if they report using the label on dessert items, snack items, and main dishes, then the value of Yis 3 ,.. . and so on. In the sample, the mean of this dependent variable is 5.6.
The explanatory variables used in the estimation of health knowledge and label use consist of consumer socio-demographic characteristics, food stamp participation, health status, TV hours, and special diet. Consumer characteristics include age in years, gender, household income, race, region, urbanization, education, employment status and household size.
The health knowledge variable used in this study is a measure of diet-disease knowledge, The dietdisease knowledge variable is generated from 17 selected questions asking respondents about the correlation between specific diseases and diet behaviors in the DHKS. An example question is: "Have you heard about any health problems caused by eating too much fat'?" and "what health problems are these: cancer?' Those responding answers either "Yes" or "No." Each answer of "Yes" is a value of one, while each answer of "No" is given a value of zero. The variable 1 is the sum of the values of O and 1 corresponding the aforementioned 17 questions. On this basis, it is assumed that 1 reflects knowledge of the relationship between diet and disease, Since it reflects the answers to 17 questions, I can take values ranging from zero to 17 (complete knowledge). In this sample, the mean of I is 5.3. This knowledge variable can be interpreted as a measurement of an individual's perceptions of the parameters of the diet production function (Kenkel 1990) .
Two variables are included in the level of label use equation to reflect consumer perceptions of the accessibility to and reliability of the information on labels (Schmidt and Spreng) . One of the variables is "EASE," which reflects how easily consumers understand several types of nutrition information on labels and the other is, "RELIABLE," which reflects how reliable the consumer thinks the description in the label is as the basis for choosing foods. The variable, "EASE," is generated from 7 related questions in the DHKS such as "do you think the list of ingredient is very easy to understand, somewhat easy, or not too easy to understand?" The variable, "RELIABLE' is generated from 6 related questions such as "if a food label says a food is low-fat, would you say you are very confident, somewhat confident, or not too confident that the description is a reliable basis for choosing foods?"3
Empirical Results
The coefficient of the residuak (v) obtained from the OLS estimation of equation (1) where are the coefficient estimate of the endogenous regressor I and its estimated variance in the level of label use model, respectively. Under the null hypothesis of the erogeneity in the health knowledge variable, the test statistics h asymptotically follows a chi-squared distribution with one degree of freedom,
The results of testing the erogeneity of health knowledge reveal a rejection of the assumption of erogeneity in the two label use models. The coefficient estimates of the residuals (v) of equation (1) is -0.2725 and significant at the 1YO level (table 2) . Thus the hypothesis that the health knowledge variable is exogenous in the binary label use model is rejected. Grogger's erogeneity test statistic is 5.3873. The corresponding chi-square test statistics is 3.84. Again the exogeneit y of health knowledge is rejected in the level of label use model.
The empirical results of the health knowledge model are presented in column (1) while the label use models are exhibited in columns (2) and (3) in table 2. As expected, education and income are positively related to health knowledge. The estimated effect of income implies that health knowledge is a normal good. This result is consistent with those of Kenkel (1990) , Gould and Lin, and Variyam, Blaylock, and Smallwood. Age, however is negatively related to health knowledge. Conflicting results were reported in other studies regarding the relationship between age and health knowledge. Kenkel (1990) reported a positive correlation between age and health knowledge, while Gould and Lin showed that age has no significant role in explaining differences in health knowledge. A possible explanation is that the incentive to gather knowledge increases with age. Alternatively, younger people have grown up in an era where health knowledge is more easily available than did older people implying lower information search cost (Gould and Lin) .
The results from the health knowledge regression also indicate that females tend to be better informed than males. This result implies that females in general invest more on this type of human capital perhaps because women play an important role in the household production of family health (Sindelar) . The levels of health knowledge are not significantly different among racial groups. Individuals on special diet are more knowledgeable about diet-disease relationships than those who are not on special diet. Also, individuals who perceive their health status to be better are more knowledgeable about diet-disease relationships than others. Results also indicate that individuals in the West tend to be more informed than individuals in the South, while individuals in the Northeast or Midwest are not likely more informed than individuals the other explanatory variables in the binary label use model are generally consistent with prior expectations. The probability of label use decreases as age increase. Females are more likely than males to use food labels. These results are consistent with those of Guthrie et al. The probability of using the label also varies depending on the region where an individual resides. Compared with individuals from the South, individuals in the Northeast region are more likely to use labels. However, Midwest or West region residents showed no difference from South region residents in terms of the probability of using nutritional labels. This finding is consistent with that of Nayga (1996) . In addition, the results show that there is no significant difference in using nutritional labels between food stamp participants and non-food stamp participants.
Examining the regression results in the level of label use model (column 3 in table 2), we see that health knowledge has a significant and positive role in determining the level of label use model, based on the number of food products, conditional on label use, Thus, more informed individuals not only have higher probabilities of using labels when food shopping, but also have higher probabilities of using labels of more food product types. Older people use nutritional labels for a smaller number of food products than younger people. Females use nutritional labels for more food products than males.
Certain differences between the results of the two label use models are evident. For instance, urbanization is significant in the level of label use model but not in the binary choice label use model. Some differences in the regional results also are evident. Individuals in the South use nutritional labels of more food products than others in the Northeast or West region. In addition, individuals who are on a special diet use labels for more food products than others. Consistent with prior expectations, the "EASE' and "RELIABLE" variables are significant factors in the level of label use model. The correlation coefficient, (3,turned out to be positive and significant which means that failing to correct correlation between two types of label use models can lead to a bias in the mean of the level of label use, and hence a bias in the estimated health knowledge effect.
The treatment of health knowledge as au endogenous explanatory variable has important implications for the parameter estimates. Neglecting the endogeneity of I apparently results in downwardly biased estimates of I in equations (2) and (3). When equations (2) and (3) are estimated using the actual value for I rather than the predicted value, the coefficients are 0.1544 and 0.0231, respectively. They are still positive and significant, but smaller than that reported, Finally, to further understand the endogeneity bias effect in label use, we simulated the probability of using label and the number of food products for varying values of the health knowledge variable (table 3). The simulation results show the bias on the health knowledge effects for the two measures of label use. When endogeneity effects are not accounted for, the probabilities of label use are upwardly biased at below average levels of health knowledge and downwardly biased at above average health knowledge levels, Thus, the bias caused by neglecting endogenous health knowledge in the models perhaps can lead to erroneous policy or consumer education recommendations.
Summary and Conclusions
The role of health knowledge in nutritional label use is explored in this paper. Health knowledge and label use were assumed to be health inputs introduced into the household production function of family diet, and jointly estimated. This paper used a measure of health knowledge, instead of proxies, and estimated two types of label use models consisting of a binary label use model and the level of label use model. Particular attention was given to the endogeneity of health knowledge in the label use model ignored in previous studies,
The results revealed that health knowledge, as represented by diet-disease knowledge, has a significant role in increasing label use. This finding is important in this exploratory work because of its implications for consumer nutrition education programs. This finding is also more critical in light of Kim et al.'s and Kim, Nayga, and Capps' findings concerning the positive impact of label use on the quality of consumers' food intakes. Hence, public education and extension efforts should be targeted to those with lower health knowledge (e.g., lower income, males, less educated) to increase label use.
In addition, the results indicated that those who use nutritional labels tend to perceive the labels to be more reliable and easier to use, Making labels easier to use is a possibility but the reliability issue is a harder issue to address. However, it is possible that public education about the benefits of label use can increase consumers' trust and confidence on these labels (Nayga 1999) .
